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1. 

LNER AND METHOD OF ASSEMBLY 

BACKGROUND 

The present invention relates to gas turbine engines. More 
particularly, the present invention relates to liner segments for 
a gas turbine engine. 
The operating environment for gas turbine engines is 

extremely harsh. Vibrations due to normal use at operating 
speeds are extreme. Additionally, the operating temperature 
experienced by some engine components is extremely high. 
Vanes are among the many components that experience wear 
in the engine due to vibrations and high temperature. Thus, 
liner segments between the Vanes and an engine casing are 
used to reduce wear. However, current liner segment designs 
utilize a full ring which is initially mounted within the engine 
casing. Vanes are inserted into the liner segment and casing 
one Vane at a time, which makes it difficult and time consum 
ing to assemble and disassemble the vanes with the liner 
Segment. 

SUMMARY 

An assembly includes a plurality of Vanes, a forward liner 
segment, and an aft liner segment. The forward liner segment 
and the aft liner segment are mounted to the plurality of Vanes 
and each segment comprises an arc of less than 360° in length. 
A gas turbine engine includes a casing, a plurality of vanes, 

a first liner segment, and a second liner segment. The casing 
has first and second receptacles therein and the plurality of 
Vanes are mounted within the first and second receptacles by 
first and second hooks. The first liner segment is mounted to 
the first hooks and disposed between the first hooks and the 
first receptacle and the second liner segment is mounted to the 
second hooks and disposed between the second hooks and the 
second receptacle. The first liner segment comprises a plural 
ity of separate arc segments arranged to extend Substantially 
360° about the casing and the second liner segment comprises 
a plurality of separate arc segments arranged to extend Sub 
stantially 360° about the casing. 
A method of assembling a plurality of vane segments and a 

liner segment includes providing the liner segment with one 
or more slots, inserting a first end Vane through the one or 
more slots, disposing the plurality of Vanes along an arcuate 
length of the liner segment, and inserting both the plurality of 
Vanes and the liner segment as an assembled unit into a 
receptacle of a casing so as to mount the assembled unit to the 
casing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a gas turbine engine 
according to an embodiment of the present invention. 

FIG.2 is a cross-sectional view of one embodiment of a gas 
turbine engine compressor casing with a plurality of Stator 
stages mounted therein. 

FIG. 3 is a perspective view of one embodiment of a vane 
pack with forward and aft liner segments mounted thereon. 

FIGS. 4A-4D are perspective views illustrating one 
method of assembling Vane packs andliner segments together 
for installation in gas turbine engine. 

DETAILED DESCRIPTION 

The present application discloses an arcuate liner segment 
where the liner segment is less than a full circular ring (360°) 
in length. Each segmented liner segment is mounted to a 
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2 
plurality of vanes of a gas turbine engine. The Vanes and liner 
segment can be inserted as an assembly into a casing of a gas 
turbine engine. This configuration allows for quicker and 
easier installation and removal of the liner segment and Vanes 
within the gas turbine engine. As the liner segment and Vanes 
are installed and removed as a unit, the assembly also reduces 
the likelihood of foreign object damage to other components 
of the gasturbine engine, because the assembly eliminates the 
need for inserting or removing the Vanes one Vane at a time. 

FIG. 1 is a representative illustration ofagas turbine engine 
10 including a liner/vane assembly of the present invention. 
The view in FIG. 1 is a longitudinal sectional view along an 
engine centerline. FIG. 1 shows gasturbine engine 10 includ 
ing a fan blade 12, a compressor 14, a combustor 16, a turbine 
18, a high-pressure rotor 20, a low-pressure rotor 22, and an 
engine casing 24. Compressor 14 and turbine 18 include rotor 
stages 26 and Stator stages 28. 
As illustrated in FIG. 1, fan blade 12 extends from engine 

center line C, near a forward end of gas turbine engine 10. 
Compressor 14 is disposed aft of fan blade 12 along engine 
center line C., followed by combustor 16. Turbine 18 is 
located adjacent combustor 16, opposite compressor 14. 
High-pressure rotor 20 and low-pressure rotor 22 are 
mounted for rotation about engine center line C. High-pres 
sure rotor 20 connects a high-pressure section of turbine 18 to 
compressor 14. Low-pressure rotor 22 connects a low-pres 
sure section of turbine 18 to fan blade 12 and a high-pressure 
section of compressor 14. Rotor stages 26 and stator stages 28 
are arranged throughout compressor 14 and turbine 18 in 
alternating rows. Thus, rotor stages 26 connect to high-pres 
Sure rotor 20 and low-pressure rotor 22. Engine casing 24 
surrounds turbine engine 10 providing structural support for 
compressor 14, combustor 16, and turbine 18, as well as 
containment for air flow through engine 10. 

In operation, air flow F enters compressor 14 after passing 
between fan blades 12. Air flow F is compressed by the 
rotation of compressor 14 driven by high-pressure turbine 18. 
The compressed air from compressor 14 is divided, with a 
portion going to combustor 16, a portion bypasses through 
fan 12, and a portion employed for cooling components, 
buffering, and other purposes. Compressed air and fuel are 
mixed and ignited in combustor 16 to produce high-tempera 
ture, high-pressure combustion gases Fp. Combustion gases 
Fp exit combustor 16 into turbine section 18. 

Stator stages 28 properly align the flow of air flow F and 
combustion gases Fp for an efficient attack angle on Subse 
quent rotor stages 26. The flow of combustion gases Fp past 
rotor stages 26 drives rotation of both low-pressure rotor 20 
and high-pressure rotor 22. High-pressure rotor 20 drives a 
high-pressure portion of compressor 14, as noted above, and 
low-pressure rotor 22 drives fan blades 12 to produce thrust 
Fs from gas turbine engine 10. 

Although embodiments of the present invention are illus 
trated for a turbofan gas turbine engine for aviation use, it is 
understood that the present invention applies to otheraviation 
gas turbine engines and to industrial gas turbine engines as 
well. 

FIG. 2 shows an exemplary portion of engine case 24 
Surrounding compressor 14. In addition to casing 24, FIG. 2 
illustrates three stator stages 28 but does not illustrate rotor 
stages 26 (FIG. 1). Each stator stage 28 includes a vane 30 
with a platform 32. Forward liner segments 34F and aft liner 
segments 34A are disposed between Vanes 30 and casing 24. 

Each stator stage 28 is comprised of a circumferential array 
of a plurality of vanes 30. Stator stages 28 are axially spaced 
from one another with respect to centerline axis C of gas 
turbine engine 10 (FIG. 1). As shown in FIG. 2, vanes 30 
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comprise cantilevered vanes which extend radially inward 
from platforms 32 toward centerline axis C. In other embodi 
ments, vanes 30 may be supported from both radial ends (with 
respect to centerline axis C) and Vanes 30 may be disposed in 
other sections of gas turbine engine 10 such as turbine 18 
(FIG. 1). 
As will be discussed subsequently, platforms 32 are 

adapted with hooks that are disposed within casing 24 to 
allow vanes 30 to be supported therefrom. Forward and aft 
liner segments 34F and 34A are disposed between the casing 
24 and platforms 32. Forward and aft liner segments 34F and 
34A dampen vibration between vanes 30 and casing 24. 
accommodate thermal growth between platform 32 and cas 
ing 24, and allow for ease of assembly and disassembly of 
Vanes 30 as a unit. 

FIG.3 shows a plurality of vanes 30 each with platform 32. 
Vanes 30 are assembled adjacent one another to form a vane 
pack 36. Vanes 30 additionally include forward hooks 35F 
and aft hooks 35A. Forward liner segment 34F includes slots 
38A and 38B. Aftliner segment 34A includes slot 38C. Vane 
pack 36 includes a first end vane 40A and a second end vane 
40B. First end vane 40A includes a first standup 42A. Second 
end vane 40B includes a second standup 42B and a third 
standup 42C. Aft liner segment 34A is spaced from third 
standup 42C by a gap 41. 
Vane pack 36 has of a plurality of adjacent abutting plat 

forms 32 and extends between first end vane 40A at a first end 
and second end vane 40B at a second end. In the embodiment 
shown in FIG. 3, vane pack 36 comprises an arc that extends 
substantially 45° about centerline axis C, (FIGS. 1 and 2) of 
gas turbine engine 10 (FIG.1). In other embodiments, the arc 
length of vane pack 36 and forward and aftliner segments 34F 
and 34A can vary in extent. 

Aft hooks 35A and forward hooks 35F are disposed on 
opposing sides of platforms 32. Aft liner segment 34A is 
mounted to and extends laterally across aft hooks 35A of 
plurality of vanes 30. Similarly, forward liner segment 34F is 
mounted to and extends laterally across forward hooks 35F of 
plurality of vanes 30. Aft liner segment 34A comprises an 
arcuate segment that extends from first end vane 40A to 
adjacent second end vane 40B. Thus, aftliner segment 34A is 
disposed at a distance from second end vane 40B. Forward 
liner segment 34F comprises an arcuate segment that extends 
from first end vane 40A to second end vane 40B. As shown in 
FIG. 3, aft liner segment 34A and forward liner segment 34F 
comprise single-piece segments that form less than a com 
plete circular ring within the inner circumference of casing 24 
(FIGS. 1 and 2). 

Slots 38A and 38B in forward liner segment 34F allow 
forward liner segment 34F to receive and be snap fit to first 
end vane 40A and second end vane 40B. Slot 38C in aft liner 
segment 34A allows aft liner segment 34A to receive and be 
snap fit to first end vane 40A and second end vane 40B. More 
particularly, slot 38A is adapted to receive and create an 
interference fit with first standup 42A of first end vane 40A. 
Slot 38B is adapted to receive and create an interference fit 
with third standup 42C of second end vane 40B. 

Third standup 42C comprises a ridge that extends gener 
ally axially from forward hook 35F to aft hook 35A. Second 
standup 42B forms the aft hook for second end vane 40B and 
is adapted to abut the aft hook 35A of first end vane 40A when 
Vane pack 36 is assembled adjacent a second vane pack 36. 

Third standup 42C and second standup 42B are spaced 
from one another by slot 43. Slot 43 is adapted to receive a tab 
(not shown) in casing 24 (FIGS. 1 and 2). Tab (not shown) can 
engage third standup 42C and/or second standup 42B to pro 
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4 
vide a circumferential direction anti-rotation feature for vane 
pack 36 when installed in casing 24 (FIGS. 1 and 2). 

FIGS. 4A-4F show one method of assembling forward 
liner segment 34F and aft liner segment 34A with vane pack 
36 for assembly in gas turbine engine 10 (FIG. 1). As illus 
trated in FIG. 4A, the method proceeds with second end vane 
40B and forward liner segment 34F. Second end vane 40B is 
inserted through slot 38B until forward hook 35F contacts 
forward liner segment 34F. Second end vane 40B is moved 
laterally with respect to slot 38B until third standup 42C 
contacts a side surface of slot 38B as illustrated. 

In FIG. 4B, individual vanes 30 are inserted in from a first 
open end of forward liner segment 34F and slide laterally 
toward second end vane 40B until platforms 32 contact one 
another. Vanes 30 are sequentially built out away from second 
end vane 40B and slot 38B with the insertion of each subse 
quent vane 30. 

FIG. 4C illustrates vane pack 36 formed between first end 
vane 40A and second end vane 40B. Platforms 32 of vanes 30 
abut one another and extend laterally in an arc between first 
end Vane 40A and second end vane 40B. As shown in FIG. 4C, 
aft liner segment 34A has been inserted on aft hooks 35A of 
vanes 30. Aftliner segment 34A has slot 38C that is contacted 
by fourth standup 42D of first end vane 40A. Similarly, for 
ward liner segment 34F includes slot 38A that receives and is 
in interference with first standup 42A. Together standups 
42A, 42D, and 42C, act to retain forward and aft liner seg 
ments 34F and 34A to vane pack 36. 
The assembly shown in FIG. 4C can be taken as an 

assembled unit and inserted into (or removed from) casing 24 
(FIGS. 1 and 2). This configuration allows for quicker and 
easier installation and removal of liner segments 34A and 34F 
and vanes 30 within gas turbine engine 10 (FIG. 1). As the 
liner segments 34A and 34F and vane packs 36 are installed 
and removed as a unit, the assembly also reduces the likeli 
hood of foreign object damage to other components of gas 
turbine engine 10 (FIG. 1) as the assembly eliminates the 
need for inserting or removing the Vanes 30 from gas turbine 
engine 10 one vane at a time. 

In FIG. 4D, casing 24 (FIGS. 1 and 2) is not shown to better 
illustrate the top of the assembly of vane packs 36 abutting 
one another. In this arrangement, second Vane end 40B of one 
vane pack 36 abuts first vane end 40A of another vane pack 36 
(the plurality of vane packs 36 are arranged circumferentially 
within casing 24 (FIGS. 1 and 2)). As shown, forward liner 
segments 34F and aft liner segments 34A comprise arc seg 
ments that are spaced from one another. Two or more of both 
forward liner segments 34F and aft liner segments 34A 
extend around the interior circumference of casing 24 (FIGS. 
1 and 2), each liner segment 34F and 34A associated with a 
single Vane pack 36. 
The present application discloses an arcuate liner segment 

where the liner segment is less than a full circular ring (360°) 
in length. Each segmented liner segment is mounted to a 
plurality of vanes of a gas turbine engine. The Vanes and liner 
segment can be inserted as an assembly into a casing of a gas 
turbine engine. This configuration allows for quicker and 
easier installation and removal of the liner segment and Vanes 
within the gas turbine engine. As the liner segment and Vanes 
are installed and removed as a unit, the assembly also reduces 
the likelihood of foreign object damage to other components 
of the gasturbine engine, because the assembly eliminates the 
need for inserting or removing the Vanes one Vane at a time. 

DISCUSSION OF POSSIBLE EMBODIMENTS 

The following are non-exclusive descriptions of possible 
embodiments of the present invention. 
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An assembly includes a plurality of Vanes, a forward liner 
segment, and an aft liner segment. The forward liner segment 
and the aft liner segment are mounted to the plurality of Vanes 
and each segment comprises an arc of less than 360° in length. 
The assembly of the preceding paragraph can optionally 

include, additionally and/or alternatively, any one or more of 
the following features, configurations and/or additional com 
ponents. 

Each liner segment comprises a single-piece segment less 
than a complete circular ring. 

The plurality of vanes are mounted adjacent one another to 
form a vane pack that comprises an arc that extends Substan 
tially 45° about a centerline axis of a gas turbine engine. 

The plurality of Vanes comprise cantilevered Vanes. 
The plurality of vanes are mounted adjacent one another to 

form a vane pack, and the Vane pack has a first end Vane at a 
first end and a second end Vane at a second end. 

Each liner segment includes one or more slots adapted to 
receive one or more standups of the first end Vane and/or 
second end Vane. 
The one or more slots allows at least one of the first end 

Vane or second end Vane to be inserted therethrough. 
At least one of the forward liner segment and the aft liner 

segment is disposed at a distance from the first end Vane 
and/or the second end Vane. 
A first end Vane of a first vane pack is adapted to interface 

with and a second end Vane of a second Vane pack. 
The plurality of vanes include aft hooks and forward hooks, 

the aft liner segment is mounted to the aft hooks of the 
plurality of Vanes, and the forward liner segment is mounted 
to the forward hooks of the plurality of vanes. 
A gas turbine engine includes a casing, a plurality of vanes, 

a first liner segment, and a second liner segment. The casing 
has first and second receptacles therein and the plurality of 
Vanes are mounted within the first and second receptacles by 
first and second hooks. The first liner segment is mounted to 
the first hooks and disposed between the first hooks and the 
first receptacle and the second liner segment is mounted to the 
second hooks and disposed between the second hooks and the 
second receptacle. The first liner segment comprises a plural 
ity of separate arc segments arranged to extend Substantially 
360° about the casing and the second liner segment comprises 
a plurality of separate arc segments arranged to extend Sub 
stantially 360° about the casing. 
The plurality of Vanes comprise an arcuate vane pack that 

extends substantially 45° about a centerline axis of the gas 
turbine engine, and each Vane pack corresponds to one first 
liner segment and one second liner segment. 
The plurality of Vanes comprise an arcuate Vane pack, and 

wherein the Vane pack has a first end Vane at a first end and a 
second end Vane at a second end. 
One or both of the first and second liner segment includes 

one or more slots adapted to receive one or more standups of 
the first end Vane and/or second end Vane. 

The one or more slots allows at least one of the first end 
Vane or second end Vane to be inserted therethrough. 
The first liner segment and the second liner segment com 

prise arcs of less than 360° in length. 
A method of assembling a plurality of vane segments and a 

liner segment includes providing the liner segment with one 
or more slots, inserting a first end Vane through the one or 
more slots, disposing the plurality of Vanes along an arcuate 
length of the liner segment, and inserting both the plurality of 
Vanes and the liner segment as an assembled unit into a 
receptacle of a casing so as to mount the assembled unit to the 
casing 
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6 
The method of the preceding paragraph can optionally 

include, additionally and/or alternatively, any one or more of 
the following features, configurations and/or additional com 
ponents. 
The plurality of vanes include aft hooks and forward hooks 

and the liner segment comprises a first liner segment and a 
second liner segment, wherein the first liner segment 
mounted to the aft hooks of the plurality of vanes, and 
wherein the second liner segment mounted to the forward 
hooks of the plurality of vanes. 

Disposing a plurality of assemblies circumferentially 
within a casing of a gas turbine engine. 

While the invention has been described with reference to 
an exemplary embodiment(s), it will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many 
modifications may be made to adapt a particular situation or 
material to the teachings of the invention without departing 
from the essential scope thereof. Therefore, it is intended that 
the invention not be limited to the particular embodiment(s) 
disclosed, but that the invention will include all embodiments 
falling within the scope of the appended claims. 
The invention claimed is: 
1. An assembly comprising: 
a plurality of vanes each Vane having an airfoil, a platform, 

and forward and aft mounting hooks; and 
a forward liner segment mounted on the forward mounting 

hooks of the plurality of vanes, wherein the forward liner 
segment extends around an axially forward side, an axi 
ally aft side, a radially inner side, and a radially outer 
side of the forward mounting hooks, and further wherein 
the forward liner segment is in contact with the axially 
aft side of the forward mounting hook; and 

an aft liner segment mounted to the aft mounting hooks of 
the plurality of vanes, wherein the aft liner segment 
extends around an axially forward side, an axially aft 
side, a radially inner side, and a radially outer side of the 
aft mounting hooks, wherein the forward liner segment 
and the aft liner segment are arcs of less than 360°, and 
further wherein the aft liner segment is in contact with 
the axially forward side of the aft mounting hook. 

2. The assembly of claim 1, wherein each liner segment 
comprises a single-piece segment less than a complete circu 
lar ring. 

3. The assembly of claim 1, wherein the plurality of vanes 
are mounted adjacent one another to form a vane pack that 
comprises an arc that extends Substantially 45° about a cen 
terline axis of a gas turbine engine. 

4. The assembly of claim 1, wherein the plurality of vanes 
comprise cantilevered Vanes. 

5. The assembly of claim 1, wherein the plurality of vanes 
are mounted adjacent one another to form a vane pack, and 
wherein the Vane pack has a first end Vane at a first end and a 
second end Vane at a second end. 

6. The assembly of claim 5, wherein each liner segment 
includes one or more slots adapted to receive one or more 
standups of the first end Vane and/or second end Vane. 

7. The assembly of claim 6, wherein the one or more slots 
allows at least one of the first end vane or second end vane to 
be inserted therethrough. 

8. The assembly of claim 5, wherein at least one of the 
forward liner segment and the aftliner segment is disposed at 
a distance from the first end Vane and/or the second end Vane. 

9. The assembly of claim 1, wherein a first end vane of a 
first vane pack is adapted to interface with a second end Vane 
of a second Vane pack. 
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10. A gas turbine engine comprising: 
a casing with first and second receptacles therein; 
a plurality of Vane packs mounted within the casing and 

forming a circumferential stage, each vane pack com 
prising: 
a plurality of vanes mounted within the first and second 

receptacles by first and second hooks: 
a first liner segment mounted to the first hooks and 

disposed between the first hooks and the first recep 
tacle, wherein the first liner segment extends around 
an axially forward side, an axially aft side, a radially 
inner side, and a radially outer side of the first hooks, 
and further wherein the first liner segment is in contact 
with the axially aft side of the first hooks; and 

a second liner segment mounted to the second hooks and 
disposed between the second hooks and the second 
receptacle, wherein the second liner segment extends 
around an axially forward side, an axially aft side, a 
radially inner side, and a radially outer side of the 
second hooks, wherein the first liner segment com 
prises a plurality of separate arc segments arranged to 
extend substantially 360° about the circumference of 
the casing and the second liner segment comprises a 
plurality of separate arc segments arranged to extend 
substantially 360° about the circumference of the cas 
ing, and further wherein the second liner segment is in 
contact with the axially forward side of the second 
hooks. 

11. The gas turbine engine of claim 10, wherein each vane 
pack that extends substantially 45° about a centerline axis of 
the gas turbine engine, and wherein each vane pack corre 
sponds to one first liner segment and one second liner seg 
ment. 

12. The gas turbine engine of claim 10, wherein the vane 
pack has a first end Vane at a first end and a second end vane 
at a second end. 

13. The gas turbine engine of claim 12, wherein one or both 
of the first and second liner segment includes one or more 
slots adapted to receive one or more standups of the first end 
Vane and/or second end vane. 

14. The gas turbine engine of claim 13, wherein the one or 
more slots allows at least one of the first end vane or second 
end Vane to be inserted therethrough. 
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15. The gas turbine engine of claim 10, wherein each of the 

first liner segment and the second liner segment are arcs of 
less than 360°. 

16. A method of assembling a plurality of vane segments 
comprising: 

assembling a forward liner segment and an aft liner seg 
ment with the plurality of Vanes, wherein assembling a 
forward liner segment and an aft liner segment with the 
plurality of vanes further comprises: 
inserting a forward mounting hook of a first end vane 

through a slot in the forward liner segment; 
inserting an aft mounting hook of a first end vane 

through a slot in the aft liner segment; 
positioning the forward liner segment to extend around 

an axially forward side, an axially aft side, a radially 
inner side, and a radially outer side of the forward 
mounting hook, wherein the forward liner segment is 
in contact with the axially aft side of the forward 
mounting hook; 

positioning the aft liner segment to extend around an 
axially forward side, an axially aft side, a radially 
inner side, and a radially outer side of the aft mounting 
hook, wherein the aft liner segment is in contact with 
the axially forward side of the aft mounting hook: 

contacting a standup of the first end vane with a surface 
of the slot; and 

positioning the remainder of the plurality of vanes along 
an arcuate length of the liner segment; and 

inserting the plurality of vanes, the forward liner segment, 
and the aft liner segment as an assembled unit into a 
receptacle of an engine casing of a gas turbine engine so 
as to mount the assembled unit to the engine casing. 

17. The method of claim 16, wherein the step of assembling 
of the forward and aft liner segments with the plurality of 
Vanes includes fitting a second end vane to the forward and aft 
liner segments at a second opposing side of the forward and 
aft liner segments from the first end vane. 

18. The method of claim 16, further comprising disposing 
a plurality of assembled units circumferentially within the 
casing of the gas turbine engine to form a vane stage. 


